This study designed primarily to explore conceptual difficulties of secondary school students to understand the basic features of the concept of electrochemistry like redox reactions, galvanic and electrolytic cells. Furthermore, the factors that cause the conceptual difficulties of secondary school students in electrochemistry also investigated. Mixed method research design adopted to achieve the objectives of the current study. Three (3) government secondary schools selected by using the cluster random sampling technique within Bahawalpur City of Pakistan. Then 144 chemistry students of IX class purposively selected as sample of the study. Conceptual difficulties of secondary school students in electrochemistry investigated by developing a special test instrument tagged as Test designed to measure the Conceptual Difficulties in Electrochemistry (TCDE). Eminent experts of chemistry education validated TCDE. A pilot test established to find its reliability by test re-tests method and the correlation coefficient (r) was 0.96. The Cronbach alpha coefficient also calculated to measure the internal consistency of instrument through SPSS, and its value was 0.87. Thirty students selected purposively based on the result of TCDE for semi-structured interview. The result showed that 67% of the concept-based items designed in electrochemistry were difficult to understand by secondary school students. Poor background of knowledge, absence of teaching aids, and misunderstanding of language caused conceptual difficulty in comprehension. The findings suggested some recommendations to expedite better understanding of the chemistry students.
Introduction
Chemistry education (or chemical education) is a comprehensive term that refers to the process of teaching and learning in chemistry subject at all educational institutions. Chemistry education is facing many challenges in most of the countries at secondary level. These challenges cannot be overcome only by considering the teaching of chemistry. Nevertheless, it requires a comprehensive effort to assess conceptual knowledge of chemistry that school students learn in secondary schools (Lamanauskas, 2007) .
Several studies in the chemistry education literature dealt with the learning difficulties of basic concepts of chemistry at schools. Concepts formed when the ideas or thoughts are developed based on common properties of objects or events by the process of abstraction (American Heritage Dictionary, 2002) . Difficulty or problems in pertaining to concepts or to the forming of concepts referred as conceptual difficulties. Duit (2007) described that students hesitate to answer the questions set on those concepts that are difficult for them. Student's conceptual difficulties in chemistry created a major problem of concern to science educators, teachers, and students (Ozmen, 2004) . Electrochemistry regarded as one of the most difficult chemistry concepts in which both pre-service teachers and students have learning difficulties (Nakhleh, 1992; Ogude, 1994; Ozkaya, 2002) . For the current study, topic of electrochemistry selected for following reasons.
1. Electrochemistry considered as a difficult topic for students to learn and for teachers to teach. A survey conducted to rate the most difficult chemistry topics at schools and the top three were chemical equilibrium, the mole, and oxidation-reduction reactions (Finley, Stewart, & Yarroch, 1982) .
2. Principles of electrochemistry have general applications used in routine e.g. electroplating established based on the principle of electrolytic cell. Students should acquaint such knowledge (Ahtee, Asunta, & Palm, 2002) .
3. The topic of electrolysis is common in physics and chemistry. Sometimes, it cause confusion and students did not freely assimilate their knowledge across physics and chemistry (Taber, 1998) . Garnett and Treagust (1992) investigated high school students' understanding of electrochemistry in terms of electrochemical and electrolytic cells. Sanger and Greenbowe (1997) replicated the study of Garnett and Treagust (1992) with college chemistry students and found similar findings with them as students had learning difficulties in galvanic, electrolytic and concentration cells. Moreover, they emphasized that identifying conceptual difficulties was important to help learners understand this topic meaningfully. Obomanu (2012) also identified the conceptual difficulties of Nigerian secondary school pupils in electrolysis through concept inventory. The conceptual difficulties of students may change with the change in variables like gender, age, culture, religion and geographical region (Losh, et al, 2003) .
Literature supplied with evidence that Pakistani students find chemistry difficult and uninteresting. Chemistry is the compulsory subject for all secondary school students of science group in Pakistan. The pass percentage in the subject of chemistry is very low, about 50% ( The factors contributed to this problem might be poor methods of instruction, laboratory inadequacy, poor science background, and passive role of students etc. Research in chemistry education showed that students feel difficulty to understand the abstract natured chemistry concepts and many researches conducted in advanced countries to identify their conceptual difficulties and find out possible solutions (Nakhleh, 1992; Ogude, 1994; Ozkaya, 2002; Garnett & Treagust, 1992) . However, in Pakistan and in many developing countries, very little research work has done in this domain; particularly no serious attempt has made to overcome the existing problem.
Research Questions
Therefore, present study designed to seek the answers to the following questions.
1. Which concepts in electrochemistry are most difficult to understand for chemistry students? 2. What are the factors that cause the conceptual difficulties of secondary school students in electrochemistry?
Research Method
The current study adopted mixed method research design. Both quantitative and qualitative research methods adopted harmoniously. The topic of electrochemistry is present in IX class of Punjab Text Book Board Syllabus of Chemistry. Hence, target population consisted of all students of IX class, learning chemistry in Bahawalpur City of Pakistan. Three (3) government secondary schools out of (11) were selected by using the cluster random sampling technique within Bahawalpur City of Pakistan. Then 144 chemistry students of IX class purposively selected as sample of the study. Conceptual difficulties of secondary school students in electrochemistry investigated by developing a special test instrument tagged as Test designed to measure the Conceptual Difficulties in Electrochemistry (TCDE). Based on result of TCDE the 30 students selected purposively for www.ccsenet.org/ass Asian Social Science Vol. 10, No. 19; 2014 semi-structured interview. Moreover, Think Aloud Protocol sheet given to each student during interview. The conversations recorded and the responses analyzed to identify the most difficult concepts in sub topics of electrochemistry and factors that cause student's conceptual difficulties.
Validity and Reliability of Instrument
A distinguishing concept inventory for measuring student's conceptual difficulties in electrochemistry (TCDE) developed keeping in view the objectives of the study. The content validity of TCDE ensured after checking and consulting 10 eminent chemistry teachers. The test instrument consisted of 30 MCQ`s constructed according to Punjab Text Book Board Syllabus of Chemistry for class IX. The selected topics were as follows: oxidation and reduction, oxidation states and rules for assigning the oxidation states, oxidizing and reducing agents, oxidation and reduction reactions and electrochemical cells. An attempt was made to minimize guessing by including four options in each item. TCDE was pilot tested to find its reliability by test re-tests method and the correlation coefficient (r) was 0.96.The Cronbach alpha coefficient also calculated to measure the internal consistency of instrument through SPSS and its value found to be 0.87.
Think Aloud Protocol sheet designed by researchers to differentiate between electrolytic cell and galvanic cell in the light of related literature (Garnett & Treagust, 1992; Sanger & Greenbowe, 1997) . Moreover, suggestions of five experts in chemistry education were taken into consideration while developing the questions of interview and sheet. The questions of interview were concentrated on students' previous knowledge & their background, teaching techniques, use of visual aids and students active participation during lecture etc.
Data Analysis
The quantitative data obtained through TCDE entered in SPSS 17 (Statistical Package for Social Sciences) for analysis, and the percentage of each correct and incorrect item was calculated. A norm established to measure the item difficulty in TCDE. Below 40%, students` correctly answered item considered as difficult (Obomanu, 2012) . The qualitative data obtained through interview of students recorded. Qualitative content analysis (Creswell, 2009 ) used in order to analyze the recorded data of interview and written responses of the sheet. Two researchers analyzed the responses of students separately and independently. Later on, they came together and discussed the answers to reach consensus.
Results & Discussion
The results of the analysis of TCDE showed that 67% of the concept-based items designed in electrochemistry were difficult to understand by secondary school students. The table II (given in appendix) showed that only 2.8 % and 7.6 % of the students answered correctly the Items 16 & 27 respectively, which means the most difficult concepts to understand, are conduction of electrolysis and mechanism of electrolysis and its practical application. The other difficult concepts are: product gotten at anode (11.1 % in item no.3), redox reaction ( The results of the analysis of interview questions examining each area discussed below. The student's responses about the most difficult concepts in the electrochemistry analyzed and classified into the following areas:
• Conduction of electrolysis by ions
• Mechanism of electrolysis and its practical application
• Redox reaction
• Oxidizing agent & reducing agent
• Product gotten at anode and cathode The result obtained through interview technique, strengthened the results obtained through quantitative data of TCDE.
The student's responses about the factors of conceptual difficulties analyzed and results indicated that some of the participants gave irrelevant responses to the question. However, majority reported the factors such as; poor www.ccsenet.org/ass Asian Social Science Vol. 10, No. 19; 2014 background of knowledge, absence of teaching aids, rote learning, saturated classes, misunderstanding of language and passive role of students, which caused difficulty in comprehension. Twelve students out of thirty reported that their mathematics teacher was teaching them chemistry. The results obtained through quantitative data of TCDE also proved that these students calculated the oxidation number very well but failed to explain the mechanism. Previous researches also pointed out that some teachers failed to provide accurate information to students and they presented the concepts poorly. Teachers can also be a source of misconceptions because most students regard their teachers as experts and consider their words as correct (Ogude, 1994; Ozkaya, 2002) .
When the students were questioned whether they fully understand what was taught, majority of them (19 out of 30 respondents) reported that they did not understand because their teachers used only the board and diagrams of textbook with lecture method. The other (11) students mentioned that their teachers also used discussion technique and encouraged them to ask questions about the difficulties and tried to illustrate with supplementary materials and examples.
For the question, "does your teacher explore your previous knowledge about the topic" majority (21 out of 30 respondents) reported that usually their teachers asked about the previous lecture but not the previous knowledge of the topic. When the students were questioned if their teachers encouraged collaboration with their fellows after instruction, majority (27 out of 30 respondents) claimed that it happened sometimes not all the times. None of them could give any example of practical application of electrolysis.
Results of the written responses of think aloud protocol sheet indicated that 16 students out of 30 gave the apparent difference between the electrolytic cell and galvanic cell. They considered the salt bridge as a basic difference between the two cells. While the correct and basic difference between two cells is that in galvanic cells the reaction is spontaneous while in electrolytic cells the reaction is nonspontaneous. The term spontaneous was ambiguous to the students. Many students asked from the researcher, 'what is the meaning of spontaneous?' during the interview. Some students considered the meaning of spontaneous as 'all at once' instead of 'without input'. Majority (23 out of 30 groups) believed that electrons could flow through the solutions and the salt bridge to complete the circuit in galvanic cell. For example, Zahra explained as, "Electrons move through solution…because negative ion attract positive ion." Summayya explained as, "Electrons move through solution due to attraction of opposite pole". The misunderstanding of words seemed to develop conceptual difficulty as Zahra and Summayya were mixing up the words of 'electrons' with negative ion'. Only seven students answered correctly that anions and cations flow through the salt bridge and the solution. Moreover, majority (26 out of 30 groups) responded correctly and identified that anode is positive and cathode is negative in electrolytic cell and vice versa in galvanic cell.
Recommendations
Following recommendations drawn based on findings:
1. The most difficult concepts to understand are; conduction of electrolysis and mechanism of electrolysis. This may be due to its abstract nature. Sanger & Greenbowe (1997) recommended teachers to use computer-animated instruction for teaching abstract natured topics like electrochemistry. However, lack of computers and inadequate laboratory apparatus is a big problem in Pakistan and in many other developing countries. Hence, it is recommended that teachers should use demonstration methods with low cost teaching aids during instruction. Teachers made cells may be prepared simply with the help of low cost materials like beaker, lemon water, carbon rods of old cells, wire, and bulb. This simple cell used to make circuit so that conduction of electrolysis and mechanism of electrolysis could be better understood.
2. The findings propose several suggestions for teaching the topic of electrochemistry to expedite conceptual understanding of students. Teachers should encourage students to participate actively during lesson and collaborate with their fellows after instruction. Rote learning should be discouraged.
3. Several research studies conducted to cope with identified conceptual difficulties. For example, using cooperative learning instruction (Acar & Tarhan, 2007) , conceptual change instruction (Ozkaya, 2002) , or use of designed teaching sequence (Ahmad & Lah, 2013) . However, no research study proposed a proper instructional model that can be specifically prepared in the context of developing countries like Pakistan. Hence, it is recommended to develop a constructivist instructional model for further research that may help the teachers to probe the conceptual difficulties of their students.
explained in a related context using language. Further researches are recommended to explore the role of language in developing the conceptual difficulties.
5. Keeping in view the findings of the study it is also recommended that teachers should explore the previous knowledge of the students e.g., Valency and balancing the equation should be revised before giving the knowledge of oxidation state. Knowledge of electrolytes and its types provide base for conduction of electrolysis.
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